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(54) MochanlcaUyJolntng an Inner tube to an outer tube 

(57) A method of Joining mechanical^ an Inner tube (2) to an 
outer tube (1 ) by radial expansion of at least the Inner tuba 
wfth the aid of an tntemal overpressure. 

The method b parttcub/ly characterized by f Sllng the 
Inner tite (2) with an explosive gas of determined 
composition, temperature and pressure, and by Igniting and 
eKpto(flng the gas. 

A core (14. Rg. 2, not shown) may be used to reduce the 
amount of gas required. 
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A ifethod and Arranaeii^ far Mec hanically Joining an Inner Tdbe to m 
Outer 1\ibe 

5 present invartion relates to a loethod fear joining an inner tube mech- 
anically to an outer tube by radial ea^iansion of at Least the inner tube 
by seans of an internal overpresaire. 

The invention ^i^^ relates to an arrangement for carrying out the method. 

10 

It is often ^ogir?*HlA in the oil industry, the chgmical industry and in 
niKxLear power plants, etc. to provide steel tubing or piping with an 
internal nott-oorrodii^ ling made f<ar instance of stainless steel, llicanel, 
IhooUqy cr titanium. 

15 

Rsr «™> usages, it is necessary to bond the lining to the outer tube 
atisndcally, ^diich can be achieved \iitb tba aid of e3¥losi€n welding, 
extrusion cr surCaoe velding techniques. 

20 Other usages, however, require solely a inechaniced pcess joint, vhidi can 
be achieved by pressing an inner tube of ncn-oorroding Baterial radially 
outwards and into contact with the outer tube, with the aid of an internal 
T ^^n^ri pressure. Alternatively, the outer tube can be hea t e d daring the 
pressii^ operation, so that the joint vill be strOTgthened by dndhkage 

25 as the outer tube cools. 

In order to actiieve a good join between tiie tubes, or pipes, the material 
of the inner tube Should be def cnned above its elastic limit and the outer 
fiiVio material def onoad within the limits of its elri s t i c limit. 

30 

Although the ]a»wn methods of creating a mechanical join are less esqpensive 
than the methods for achieving an atxxnic bend, they are nevertheless 
mttpMrstha^ and cost denanding due to the large dimensions and lengths of 
the tubing or piping oanoemBd. Yea: exasple, a 26^ oil p^ of 12 metoes 
35 in length will suxxmmcdate about 7.5 cubic metres of pressure medium. 

Irre^)ective of vtoether radial ea^ansion is effected with the aid of a 
hydrmilic punp or with the aid an explosive charge In water, the cycle 
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period is quite ooreiiierBMf^ azxl handling is relativel/ difficult due to the 
ancunt of used. 

Tbe pcesent invientim provides a quidcer and a sinpler method of effecting 
5 a mechanicad join or connBCtion hetvem an inner noR-camxlijig liner cr 
tube and an outer tube. 

Hvs ptese nt inventian ttojs relates to a roetlKxl of joining inacfaamcany an 
inner tube to an outer tube by radial expansion of at least the inner tube 
10 with the aid of an internal overparessure. 

Ibe method is particularly characterized in that the inner tube is filled 
witii an esqplosive gas of dstenninod conposition, tenperature and paressure, 
anl in that the gas is caused to be ignited and eaq p loded. 

15 

Ihe inveition also relates to an arrangan^ for joining mschanically an 
inner fniVip to an outer tube by radial expansion, of at least the inner tube 
by means of an intecnal ovecpcessure. 

20 ^Qie arrangenient is particularly characterized by devices for filling the 
inner tube with an e^qplosive gas of detfirmlnfri ooBqposition, tenperature 
and pressure; and by devices for igniting the eoqilosive gas and causing 
the same to es^Iode. 

25 The invention will now be described in roore detail with reference to 
exesnplifying embodiments thereof and with reference to the aoxnpanylng 
drawings^ in \diich 

- Figure l illustrate schematically and in axial section a first caDofaodi- 
ment of the inventive arrangement; and 
30 - Figure 2 is an axial section view of an inner tube, an outer tuber and 
a filling tube or liner of a second esobodiment of tiie inventive arranganent. 

m tte description and daims^ the word gas is used to idendb^ both 
individual gases and gas mixtures, for exaaqple explosive mixtures of 
35 ooBibustihle gas and an oxidizing gas. 



Shown in Figure X is an outer tube or pipe 1 in whicii an inner tube or 
lining 2 is placed. Ihe tubes are closed at both GnOs by end covers 3, 
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A mixture of cximtustible gas 5, e.g. iQdrogen gas, acaetylOTe, h^/dro- 
carbons such as gasoX, town gas, gasolene, etc, , and an oxidizing gas 6, 
such as oxygen gas or air is introduced through one of said end cxTvers. 

5 Ohe explosive gas is inte»3ed to be ffyplntei Iv ignition with, e.g., an 

electric spark or a pyrotechnic ignition cartridge. Hve illustrated 
endbodiment conprises an electrical ignition system, induding spark p3ug 
7, cable connection 8, and a hi^ voltage unit 9. 

10 The reference 10 identifies a non-return valve vhidi prevents the explosion 
fttm propagating to the gas delivery system tqpon ignition. 

nie pressure generated witliin tte inner tube ty e3q>losion of the gas is 
determined by taie con?X3sitian, pressure ani taiperature of the gas prior 
15 to the explosion. Gas pressure can also be affected pf mixing-in other 
gases, sucii as nitrogen, cadxn dioxide, etc. 

Expaxsim of the inner tube is facilitated vjhen the g^ V defined between 
o{:po6ing surfaces of the inner and outer tubes is evacuated of air during 

20 the joining process, foa: instance pcica: to the es^slosion. Otois ran 
be a£iiievBd, for instaiwe, with tte aid of a hole 1" thraigh 1±» wter 
tube 1 (Figure 1) which places the gap !• in oaiBiiinication with the ambient 
surrounodi^ of the outer tube, the gap being evacuated, for instance, 
ttaough a nipple 1* « • and a vacuum punp not i^jcwn. In order to obtain a 

25 controlled arri reproducible es^sansion, gas quantities and gas pressures 
are preferably oontzolled by auEtooatics 11, oocp ci sisd of solenoid valves 
and timfr-ftmction electronics for instance. Aooordlng to one preferred 
enbodinent, the energy ocntent of the explosive gas is intended to be 
adapted for plastic def armation of the inner tube and solely for elastic 

30 defdmation of the outer tiibe. 

•Bie air is evacuated throoc^ a line J2 fitted with a valve, prior to 
introducing the explosive gas. Alternatively, the line is left open 
during the initial inflow of gas and is closed when the gas pressure 
35 increases. Ihis method is used preferably whai tlie air is used as an 
oxidizing gas. 

When the e)q>lo6ion has taken place, the pressure is relieved throucjh a 



pressure relief line 13, thereafter the end covers are removed. 



In the case of oontinuous productian, the end cover thrcu^ Which the gas 
is intzoduced is preferably f i^oodly mounted and tlse opposite «d cover is 
5 capable of being moved asdally ly means of hydraulic devices (not ^Kwn) 
for exanple. 

In the case of large tube dimensixzis, the imer tube will aooanmodate much 
Hnre gas than that required far its expansion* In this case, the gas nay 

10 be given a Low initial pressure cr may be admixed with an inert gas or 
air* Another alternative is to reduce the volume of the inner pipe, by 
placing tjterain an haaogenous or hoLLotf rod, as indicated in Figure 2* In 
the Figure 2 enixxiiinent, 1 idaitifies the outer tube, 2 identifies the inner 
tube and 14 iiientif ies a rod or a thidc-walled tiibe- Ihe end covers with 

15 attachments ^loun in Figure 1 are not shewn in Figure 2. Ihe gas is 
introduced into the inner tutbe and caused to explode in the space 15 
betueen the bar or tube 14 and the inner tube. 

The invQxtive mettiod and the nerthod of cperatdjon of the inventive arrange- 
20 sent will be understood in all essentials from the aforegoingr- 

It will a'tgf* have been understood that the invention provides a method of 
joining medianically an imea: tube to an outer tute in a far gjoicScer and 
tmirh sinpler xaanner than can be achieved with loicMn techmques. 

25 

?he invention h&esi described in the a fo regoing with zefecenoe to 
different adaodinonts. It will be uncterstood, however, that other embodi- 
ments and rnliwr nodifications are cmoeivabLe within the scope of the 
inventive concept. 

30 

For exanple, the gap 1* can be evacuated thrcxjgh one of the end covers 3, 
3' , as indicated fay the farotan axzw 3*" in Figure 1. 

Ihe invention shall not therefore be ocssidered llmitpd to the aforedes- 
35 cribed and illustrated axhodiioents, sinos modifications can be made within 
the scope o£ the following Claims. 



X. A iTy»t-tyy1 for joining mechanically an inner tube to an otxt^ txibe by 
5 radial exparsian of at least tbe inner tube, with the aid of an intesnsd 
ovecpcessuTB, characterized by filling the inner tube 
tfLtti an explosive and by igniting the gas and causing the same to 

explode* 

10 2» A nstliad aocardiiKf to r^s^^in 1, characterized by adjusting 
the energy content of the explosive gas upon ignition and explosion, such 
tiiat the inner tube trill be deforoed plastically and the outer tube will 

only be deformed elastically. 

15 3. A seUiod acoocding to iar2, characterized by 

evacuating air ftcm the inner tube prior to i ii tt odnn i n g the explosive 
gas. 

4. A B»tbod acxx3a?ding to Claim 1 or 2, characterized ky 
20 evacuating air froa the inner tube with the aid of a gas intended to 

fona an explosive gas. 

5. A method according to Claim 1, 2, 3cr4, characterized 
ky decreasing the ^)ecif ic eneaxjy oontait of the e3q)losive gas by using a 

25 relatively low initial pressure and/or by diluting the gas with an inert 
gas, such as nitrogen or caxbexi dinsdde. 

6. A method aooording to Claim l, 2, 3, 4 cr 5, charac- 
terized by reducing the available gas-filling volume o£ the inner 

30 tube placing a body in the inner tube. 

7. A method aooording to Claim 1, 2, 3, 4, 5 car 6, charac- 
terized by evacuating the gap defined bebi^eai the ixner tuibe 

and the outer tube of air during the tube joining process. 

35 

8. A method according to any one of the preceding Claims, char- 
acterized by placing the betsjeen tcio covers 
which sealingly connect the tubes; providing an explosive-^ delivery 
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line at one &vl cxwer vdiiA is preferably fixedly arrangpBd; 

pirovijding evacuation outlets at thB ottier end cover, ^i^ch 

is preferably ^p^Hi^ of being noved axially by means of hydraulic devipes. 

5 9. A method aocxxding to an/ one of the pteoeding daiins, char- 
acterized in tbat tte onmhristlhiB part of tbe es^losive gas 
is r'TWf ^^s^ of one of tiie gases b^dcogen gases, aGetylene or hydcocadm 
gas, as gasd, town gas or gasified petr ole i na products. 

10. An arrangement for Joining mechanically an inner 
tube to an outer tube by radial expansion of at least the 
inner tube with the aid of an internal overpressure, 
characterised by a device for introducing into the inner 
tube an explosive gas; and by a ftirther device for 
^ Igniting the explosive gas to explode the same. 

U. An andiJij<auent aooarding to dain 10, f\irtiier conin^ising a 
device for adjusllng ^ mergy oortent of tbe eQ?)3x5sivB gas so that 
the inner tube is def armad plastically and so that the outer tube 
20 is defofDned only elastically. 



12. An arrangement aooording to Clalin 10 or U, fUrUier 
comprisiiig an evacuating device for evaosting air from the 
inner prior to or in conjunction with i n troducing the explosive 

25 gas. 

13. An ar r an ge m ent according to Claim 10, 11 or 12, further 
coopriaing devices far delivering an inert gas to the ixsier tube 

so as to reduce the specific energy content of the espLosive gas. 

30 

14. An arrangement according to Claim 10, 11, 12 or 13, 
further comprising a body for insertion into the inner 
tube so as to reduce the available gas- filling volume In 
said Inner tube. 



15. An arrang e ment awcxirding to Claim 10, 11, 12, 13 or 14, iWiiier 
comprising a device for evacuating the geq? deflnpd bebdeen 

the inner tuiae and the outer tube during the tube joining prooess. 
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16. An arraraan^ aooardlnq to Claim 10, 11, 12, 13, 14 or 15, 

further comprising two end covecs between lAdA the 

tubes are sealingly dispcssed; in an eoqplosive gas delivery 

line is providad in a first of said end covers said end- 

cover pceferably being fixedly mmted; and in tliat evaoiation cutlets 

are provided in tbe otlier of said CTd cx3Fsre^ said end cxsver 

preferably being moveable axially by roaans of hydraulic devdoes for 
instance* 

17. A method for Joining an inner tube to an outer tube 
by radial expansion substantially as herein described and 
illustrated with reference to the accompanying drawings. 
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An arrangement for joining mechanically an inner 
tube to an outer tube by radial expansion substantially 
as herein described and illustrated with reference to the 
accompanying drawings. 
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